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Abstract 
While Europe is by large considered as having adequate water resources, water scarcity and drought is an increasingly frequent 
and widespread phenomenon in the European Union. The long term imbalance resulting from water demand exceeding available 
water resources is no longer uncommon (EU, 2012). Objective of this paper is to show how the tools, based on the operational 
implementation of Earth Observation (EO) technologies can contribute to improve water management at district/river basin level 
allowing more efficient water use for irrigation in water scarcity environments. The Methodology applied to assess Crop Water 
Requirement (CWR), is based on spectral measurement in the visible (VIS) and near infrared (NIR) spectral regions from 
medium/high resolution satellite images, due the strong relationship between the spectral response in those region of the 
electromagnetic spectrum of cropped surfaces and the corresponding values of evapotranspiration under standard condition  
(ETp), and crop coefficient Kc, and meteorological data in the Italian study area of Apulia Region. This methodology show how, 
with Earth Observation (EO) data and geo-spatial tools, it’s possible to define the water needs for agriculture in an area, with 
limited field measurements and that could be applied without knowledge of crop type helping stakeholders to manage water in an 
optimal manner in water scarcity environments. 
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1. Introduction 
Over the past century there has been a dramatic increase in water scarcity and drought in arid territories on the 
southern hemisphere, that nowadays have become a topic of increasing research attention also in European Union 
(EU). Despite Europe is considered as having adequate water resources, water scarcity and drought is an 
increasingly frequent and widespread phenomenon in the European Union. The imbalance resulting from water 
demand exceeding available water resources is a major drawback. In addition, consequences of climate change could 
produce negative impacts on the available water resources, adding pressure to the most stressed EU regions like 
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Mediterranean regions (IPCC, 2007). Apulia region is a water scarce Region of Italy where water is distributed 
unevenly in time and space, especially during summer when evapotranspiration is greater and precipitations are 
lower. With increasing population, entailing expansion of tourism and agricultural production, the region faces an 
enormous challenge in how to allocate, use and protect this scarce resource. Furthermore, the Region is affected by 
recurrent droughts which further aggravates water demands. Water supply is becoming a social and economic 
emergency in Apulia, primarily because of increasing water demand and lack of management practices. Further 
associated decreases in mean precipitation could aggravate this situation. Water stress might increase by 25% in this 
century (WHO, 2007). These circumstances demand novel approaches to promote sustainable use of water, 
accessibility and demands, mainly coming from agriculture. The best applicable strategy to optimize water use is 
achieved through spatially explicit and accurate estimates of crop water demand and supply in a region (Mamta 
Kumari et al., 2013).  
Until recently, traditional data collection using conventional techniques (e.g. photointerpretation, field work) are 
labor and cost-intensive, unable to cover large areas at regular short time intervals. Earth Observation (EO) 
techniques have proven to be a source of objective, reliable, accurate, cost-effective and up-to-date information on 
several of these factors, especially those affecting large areas and with high variability in time such irrigation 
agriculture. When such data can be integrated with other information within a Geographic Information System 
(GIS), it can contribute to efficient, integrated water resources management and planning.  
Nowadays, EO technologies play a vital role in applications related to precision farming like monitoring the crop 
status, prediction of crop yield, detecting diseases and insect infestations, and supporting the management of farming 
inputs like water management (D’Urso et al., 2010). EO technologies can contribute to improve water management 
at river basin level allowing more efficient water use for irrigation in water scarcity environments. However, 
irrigated agriculture requires appropriate information and technical knowledge to support end users in the 
development of appropriate strategies, which can be provided in an effective way by implementing novel 
technologies for promoting EO services and products. The crop heterogeneity captured by the high resolution images 
is considered as a valuable add-ons information to identify the variability of soil texture and fertility, plant nutrition, 
or different performance of irrigation systems.  
One objective of the project IRMA is the evaluation of evapotranspiration (ET) in an agricultural area from the 
analysis of remote sensing data in two study area in Italy and in Greece for the years 2013 and 2014. Crop Water 
Requirement (CWR) estimation allows to determine the exact amount of water necessary for each specific crops, 
having positive effects on the management of water in water scarcity environments. Weather parameters, crop 
characteristics, management and environmental aspects are factors affecting evaporation.  
The methodology used in IRMA project to calculate CWR is based on the standards approach proposed by Food 
and Agricultural Organization (FAO) (Allen et al., 1998) for calculating crop water requirement adapted to remote 
sensing data. CWR is derived by multiplying ETo (reference evapotranspiration) with crop coefficient value (Kc), 
commonly attributed from a field evaluation of the crop calculated by combining ET0 and Kc: ETo (mm, on daily 
basis) is determined by using the FAO-56 and ASCE standard equations, the crop coefficient Kc is a proxy of the 
parameters describing the canopy development, i.e. LAI (Leaf Area Index), surface albedo and crop height.  
The same canopy parameters entering the direct calculation of ET crop are also influencing to a great extent the 
spectral response of a cropped surface, i.e. the way it appears from a remote sensor in the visible and infrared 
wavelengths. Reflectance-based Kc values, incorporating the effects of soil type, crop, plant growth and crop 
management, can be determined on a pixel-by-pixel basis by using satellite observations in the visible and near-
infrared spectral domains to compute vegetation indexes values. This approach has been applied also to canopies not 
covering uniformly the soil surface, such as vineyards, to determine the value of the basal crop coefficient.  
This paper will describe the methodology and present the first results of the IRMA project in the Italian study 
area, regarding year 2013, which defines and applies a procedure for promoting and improving an efficient and 
sustainable use of water in agriculture. All data will be represented in a Web-GIS applicationb. 
 
b http://95.110.192.55/irma/ 
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2. Materials and methods 
2.1. Study area 
The study area is located in Apulia Region, in the south eastern part of Italy, with a large cultivated areas. Apulia 
is mainly dominated by agriculture, with more than 70% of the total area occupied by cropped land, about 10% of 
Italian Utilized Agricultural Area (UAA). The water resources derived from surface water bodies are limited, 
causing a major constraint to the social and economic development of the region. The regional topography is mainly 
flat or slightly sloping, with the exception of the Gargano area (North-West of the region). The climate variables, 
and rainfall in particular, exhibit a marked inter-annual variability which makes water availability a permanent threat 
to the economic development and ecosystem conservation of the region. Due to its geo-climatic boundary condition 
the region has an overall water exploitation which expose the water supply system to severe water scarcity events. 
The study area is located within Ofanto river basin, an important agricultural district and irrigation system of the 
region. The area covers a surface of more 3,500 km2 between the town of Foggia in the north-west and the town of 
Ruvo di Puglia in the south-east. Agriculture is characterized by fruit trees, vineyards of wine and grapes and 
orchards. The local irrigation system, is managed by two Consortium: the “Capitanata” and the “Terre d’Apulia” 
(irrigated areas are shown in fig. 1). 
 
Fig. 1. Study area. 
2.2. Data sources 
For this study it was decided to use the sensor OLI (Operational Land Imager), mounted on Landsat 8 Mission 
(formerly the Landsat Data Continuity Mission, LDCM), image series, because covers a large area and have a 
medium spatial resolution, available within less than 24 hours of acquisition (by U.S. Geological Survey-USGS-& 
NASA), VIS and NIR channels, thus suitable for vegetation mapping and monitoring, and are free-of-charge In 
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addition, some RapidEye high resolution images were used to improve Landsat data. For the irrigated period of 
2013, the satellite data used was Landsat 8 with the spatial resolution of 30m, and RapidEye with a resolution of 5m. 
Landsat images were acquired from 19th May to 24th September for a total amount of 8 dates. Because the area of 
interest concerns two frame Landsat 8 (path 188, row 31 and path 188, row 32), the elaborated data refer a total of 
16 acquisitions. The high resolution images of RapidEye were acquired from 12th June to 14th July 2013 for a total 
of three images. The ability to follow the temporal evolution of vegetation using some sort of satellite constellation, 
consisting of different sensors is one of the strengths of the method and it is equally applicable to various sensors 
(D'Urso et al., 2006). Meteorological data were acquired from five station managed by “Assocodipuglia”, the 
agrometeorological service of Apulia Regionc.  
Daily data of precipitation, evapotranspiration, atmospheric pressure, global radiation, temperature, humidity and 
wind speed were acquired from 19th May to 30th September 2013. Other ancillary and administrative data were used 
to improve elaborations. 
2.3. Methodology 
The application of the procedure is achieved by the integration of EO techniques and meteorological data of the 
study area. The estimation of crop evapotranspiration under standard condition (ETp - mm/d) - disease-free, adequate 
fertilization and soil water availability - was carried out by using FAO Penman-Monteith method, which requires 
standard meteorological data, such as solar radiation (S), air temperature (Ta), air humidity (RH) wind speed (U), 
and biophysical parameters crop specific, as albedo (r), Leaf Area Index (LAI) and crop height (hc) (Allen et al., 
1998). These maps can be obtained from processing of satellite images. Therefore, the value of ETp is a function of 
the crop parameters and meteorological data, this procedure is known as one-step approach (Allen et al., 1998): 
 
USRHTahcLAIrfETp ,,,|,,        (1) 
 
Since crop parameters (mainly albedo and LAI) are very difficult to obtain in open field without specific 
instrument not ever available, ETp is calculated, in the routine irrigation management, starting from reference 
evapotranspiration ETo assuming an ideal crop with standard parameters (hc=0.12 m, r =0.23, LAI=2.88) and a crop 
coefficent Kc extract from table, this procedure is known as single Kc approach (Allen et al., 1998). 
 
cp KETET 0           (2) 
 
It should be noted that ETp or CWR calculated in this way, represent the maximum value, according to the 
definition of standard conditions, while actual evapotranspiration is the value resulting from the actual conditions of 
water availability, which is only possible to compute through complex measures in open field or by filling out a 
detailed hydrological balance, taking into account all the parameters for the simulation of water transport/flow in the 
Soil, Plant Atmosphere system, using numerical schematization.  
Crop Water Requirement exclusive of net precipitation (Pn) give the Irrigation Water Requirement (IWR - m3/ha) 
 
np PETIWR           (3) 
 
The crop coefficient incorporates and synthesizes all the effects on the evapotranspiration related to morpho-
physiological characteristics of the different crops, phenological stage, degree of soil cover, soil and climate 
conditions, which make them different from the reference crop.  
Kc values are extremely variable, even within the same type of crop, depending on many factors, i.e. date and 
seeding density, intake of nutrients, nature of the soil, agronomic practices. In order to assess the spatial/temporal 
variability of the Kc, in the IRMA project a methodology based on calculation of Kc from remote sensing techniques 
 
c http://www.agrometeopuglia.it/opencms/opencms/Agrometeo/home_agro 
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is proposed (D’Urso, Calera, 2006). The crop coefficient, Kc is basically the ratio of the crop ETp to the reference 
ETo, can be written in the following form (FAO, 1996): 
 
 
),,,,,,(
),,,,,,(
0
***
KURHTahcLAIrET
KURHTahcLAIrETK cc        (4) 
 
Where r*, LAI* and hc* represent the parameters of the crop vegetation present at the time of the satellite 
overpass, which can be related to satellite observations. The value of Kc depends both on the crop parameters (except 
albedo which is also influenced by the degree of humidity of the soil), which can be considered relatively stable for a 
period of 1-2 weeks, and weather conditions of the area of study which instead vary in time. A sensitivity analysis of 
the value of Kc with respect to these parameters, carried out in the Mediterranean area (characterized by strong solar 
irradiation conditions) showing that, the value of Kc is more closely related to vegetation parameters r*, LAI*, and 
that the sensitivity of the change in the crop height of the Kc is higher in autumn than in summer (D'Urso, 2001). 
This is due to the fact that, at the daily scale, the aerodynamic component of evapotranspiration, in the 
aforementioned weather conditions, is of much less importance than radiative.  
Recent studies conducted in semi-arid areas (Aghdasi, 2010), confirms this trend, in fact to a percentage change 
of 50% in hc* corresponds a variation of the order of 5% of Kc. Therefore a constant value of hc = 0.4 m, valid for 
the climatic conditions of the Mediterranean area, reducing the calculation to the estimation of albedo and LAI. 
Image processing 
Satellite images was processed including geometric correction, already performed by the data provider may be 
eventually verified in terms of accuracy by overlaying and comparing a reference map, atmospheric correction, in 
order to obtain homogeneous and comparable products as time series, needed to eliminate or compensate diffusion 
and scattering by atmosphere, is performed by using the radiative transfer model inversion implemented in the 
module ATCOR of ERDAS Imagine commercial software with standard atmospheric profiles. Invariant target 
within the image are used to find the most appropriate atmospheric parameters to be used in the elaboration. 
Furthermore images have been classified (supervised classification) to identify at each acquisition the following two 
land cover classes: plots of agricultural land use with vegetation and areas with bare soil and/or urban areas. 
Sequence of elaborations for deriving EO-based crop development maps\ 
For each satellite acquisition maps of crop coefficient Kc are derived on the basis of albedo and Leaf Area Index 
maps. The surface albedo (r), needed for deriving the net radiant flux is an approximation of the hemispherical and 
spectrally integrated surface albedo. The albedo is calculated as weighted sum of surface spectral reflectance rl 
derived from the atmospheric correction, with broadband wl representing the corresponding fraction of the solar 
irradiance in each sensor band (D’Urso and Calera Belmonte, 2006) 
n
r
1
          (5) 
LAI is a biophysical surface parameter defined as the total one-sided area of photosynthetic tissue per unit of ground 
area (Breda, 2003). Due to the role of green leaves in a wide range of biological and physical processes, LAI 
represents a key parameter, characterizing the structure and functioning of vegetation cover. The estimate of the LAI 
was performed based on the simplified model CLAIR (Clevers, 1989), based on Weighted Difference Vegetation 
Index (WDVI). 
The WDVI is a radiometric index calculated, for each pixel of the image, from the values of reflectance ρr and pi, 
respectively, in the bands of red (0.63-0.69 μm) and the near infrared (0.76-0.90 μm). The ratio of near-infrared and 
red soil reflectance is also known in the literature as the “soil line slope”, usually between 0.9 and 1.3. The effect of 
weighting the red band with the slope of the soil line is maximization of the vegetation signal in the near-infrared 
band and minimization of the effect of soil brightness. The LAI is related with WDVI of the observed vegetation, 
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through the following expression, deduced from an simplified analysis of the radiative behavior of different types of 
crops:  
 
)1ln(1* WDVI
WDVILAI          (6) 
 
 
Where ¢* is an extinction coefficient - empirical shape parameter, mainly depending on canopy architecture, 
which is determined from field measurement considerate as 0.40 in this study; WDVI  is the asymptotical value of 
WDVI for LAIėĞ, and is calculated at each acquisition at the target “vegetation cover (not woody) very dense and 
uniform” or maximum vegetation (agricultural) cover (usually between 0.55 and 0.75). The calculation of Kc is 
provided by a regression on the values of albedo and LAI, taking into account the meteorological data for the period 
and by averaging the values of Kc between two subsequent satellite passes. 
One important advantage of deriving canopy parameters or crop coefficients from spectral measurements is that 
their values do not depend on other variables such as planting date and density, but on the effective cover; as such, 
the spectral values of the canopy parameters include implicitly the variability within the same crop type due to actual 
farming practices. In order to compute IWR, eq. 3 is applied, and data was finally elaborated into IWR maps with 
decadal time step and represented using a Web-GIS. 
3. Results and discussion  
The results obtained from the preliminary analysis of satellite data are shown in Table 1. The total amount of 
CWR in the study area is more than 14,200 mm in the period 1/6/2013 and 30/9/2013: one part of water is 
discharged by water stock in the soil, one part from precipitations and the remainder from irrigation. In the district of 
study area, formed by 12 irrigated sub-districts, the IWR is 10,962 mm., that represent the 75% of CWR. 
     Table 1. Assessment of CWR and IWR in the district of study area, Apulia region. 
 
The crop coefficient maps (figure 3) generated for each satellite images are processed to identify areas cultivated 
(i.e., excluding areas devoid of vegetation, urban centers, roads). This allowed to estimate, on a decade basis, the 
crop water requirements of the irrigation districts of the consortia present in the area of study. The irrigated area was 
calculated as the area with kc <0.4 and correspond to around 37.000 ha. Comparing data of irrigated surface from 
EO results and the data of Consortium Capitanata (Ofanto district) of the season 2013, it’s possible to notice that EO 
elaboration overestimate the irrigate surface of 7%. This may be due to a non-optimal geometric resolution of 
satellite images, while the data of the Consortium is based on a cadastral data with a high geometric resolution and 
the fact that in order to define the irrigated area has proceeded to a simple classification of images according to the 
value of Kc. 
The IWR for the district of the study area is 126 Mm3 of water in the irrigated season of 2013 and the IWR mean 
is 3,400 m3 x ha. In this area the water used - estimated by expert - to irrigate the principle crops in a standard 
season is shown in table 2, and confirm the EO data collected. 
 
 
 
District Irrigated Area (ha) CWR (mm) 
cumulated 
IWR (mm) 
cumulated 
IWR (mm/ha) 
Ofanto 28,504 6,313 4,773 298.3 
Loconia 3,887 4,287  3,423 380.4 
Minervino 4,595 3,628  2,765 307.2 
Total 36,986 14,228  10,962 322.4 
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Fig. 2. CWR in the district of study area in the period 1/6/13-30/9/13. 
                    Table 2. Water used to irrigate crops in Apulia during a season (expert estimation). 
 
 
 
 
 
 
 
 
 
 
 
These information are of particular utility, both in the management phase, to improve the operation of plants 
irrigated, both in the programming phase of the interventions, to assess more accurately the maximum demand of 
water for each of the districts. Data are easily available and can be viewed with the help of a Web-GIS system 
developed specifically for the project. 
 
 
Fig. 3. CWR maps in the study area available in Web-GIS system. 
Crop Water used 
(m3/ha) 
Fruit trees (peach) 2,000-2,500 
Tomato 5,000-5,500 
Olive 800-1,000 
Vineyards of wine (high quality) 1,500- 1,700 
Vineyards of wine (normal) 2,000-2,500 
Vineyards of grapes (high quality) 3,000-3,500 
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4. Conclusions and further activities 
A rational management of water resources for irrigation requires information characterized by high temporal and 
spatial variability. EO is a mature technology, ready for being transferred to operational applications in agricultural 
water management with the following advantage: 
 observation repeated and constant, at regular time intervals, of the changes of the main parameters 
describing the vegetation cover involved in the evaluation of the maximum Irrigation Water Requirements, at 
different spatial (farm/district/river basin) and temporal scales (daily/decadal/monthly/irrigation season), allowing 
an improvement in the efficiency of irrigation management, starting from the balance between water demand and 
actual consumption; 
 availability of updated data; 
 greater overall economies compared to conventional detection methods. 
Full potential of EO data can be exploited if enriched with complementary information, typically available 
through GIS, database, and  water balance numerical modeling in order to overcame weaknesses present in the 
methodology described: 
 the availability of adequate quality image (in terms of spatial/temporal resolution): in fact, in the event of a 
malfunction of the sensors or in the presence of satellite images with high cloud cover, data for calculation of 
evapotranspiration of the period are missing. To overcome this difficulty such data are used to reconstruct the 
missing Kc value (in order of priority): Data from field measurements; interpolation techniques between two images 
(before and after the missing data); calibrated data on soil and climatic conditions of the survey area; tabular data of 
the paper 56 FAO; 
 water balance models are helpful to set up the initial conditions of the time to start of irrigation, assessing 
evaporation losses from the soil in the early stages of crop growth, which represent the largest contribution to 
evapotranspiration in these phase, which cannot be monitored through images analysis. 
This study confirm the fact that, the application of remote sensing brings a significant contribution to assess the 
spatial/temporal variation of evapotranspiration over large areas. However ground based method are always 
important especially in verifying the result from remote sensing methods. For this purpose, in order to validate the 
estimation of LAI a field campaign has been carried in summer 2014 in several fields of grape wine and peaches 
trees by means of the LAI-2000 (LICOR). The result of this activity will be the content of a next paper.  
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